We present broadband photometry in the optical, near infrared and sub-millimetre, and mid-infrared spectrophotometry of a selection of carbon stars with optically thin envelopes. Most of the observations were carried out simultaneously. Beside the emission feature at 11:3 m due to silicon carbide grains in the circumstellar environment, many of our mid-infrared spectra show an emission feature at 8:6 m. All the observed spectral energy distributions exhibit a very large far-infrared ux excess. Both these features are indeed common to many carbon stars surrounded by optically thin envelopes. We modelled the observed spectral energy distributions by means of a full radiative transfer treatment, paying a particular attention to the features quoted above. The peak at 8:6 m is usually ascribed to the presence of hydrogenated amorphous carbon grains. We found also that the feature at 8:6 m might be reproduced by assuming that the stars have a circumstellar environment formed of both carbon and oxygen rich dust grains, although this is in contrast with what one should expect in a carbonrich environment. The far-infrared ux excess is usually explained by the presence of a cool detached dust shell. Following this hypothesis, our models suggest a time-scale for the modulation of the mass loss rate of the order of some 10 3 years.
INTRODUCTION
Asymptotic giant branch (AGB) stars are often surrounded by circumstellar dust shells, whose chemical composition usually re ects that of the stellar photosphere. Carbon-rich dust grains, like amorphous carbon (AC) and silicon carbide (SiC) grains, are thought to be the major components of the dust envelopes around carbon stars. Oxygen-rich grains, like silicate grains, are the main components of the dust shells of oxygen-rich stars (Savage & Mathis 1979) .
The spectral energy distribution (SED) of a dustobscured object may entirely be dominated by the thermal re-emission of the dust grains, but the spectral region that reveals the nature of the circumstellar dust is that at 10 ? 20 m. Mid infrared (IR) spectra of carbon stars usually show a typical emission feature at 11:3 m, ascribed to SiC grains, whereas mid-IR spectra of oxygen-rich stars are mainly characterised by features seen at 9:8 m and 18 m, due to silicate grains. Besides these \classical" and well identi ed features, mid-IR spectra of AGB stars show many other features, whose carriers have not precisely been identied yet. By analysing the spectra of carbons stars taken by the IRAS Low Resolution Spectrograph (LRS) (Joint IRAS Working Group 1986a), Baron et al. (1987) found that spectra with weak SiC features usually show a bump which peaks at 8:6 m. Baron et al. (1987) , along with other researchers (see, e.g., Papoular et al. 1988 , Goebel et al. 1995 ascribe these features to carbonaceous materials, like hydrogenated amorphous carbon (HAC). In fact, mid-IR spectra of AGB stars cannot be compared with extinction pro les of the di erent dust species without a full radiative transfer calculation, since the shape of the observed features in the mid-IR depends on the optical depth and on the dust emission (Ivezi c & Elitzur 1995) . Speci c mixtures of dust grains are required to explain not only features in the mid-IR, but also the gross properties of the complete observed SED, spanning from the optical to the sub-mm. On the other hand, most AGB stars are variable, especially at shorter wavelengths, which makes it di cult to obtain a realistic picture of the SED. Since many dustobscured AGB stars are not regular pulsators, even making observations at the same phase of the light curve is not sufcient to guarantee a realistic representation of the SED.
We decided therefore to observe simultaneously in the op-tical, near-IR, and mid-IR, a selection of AGB stars, but bad weather prevented a full success. While we managed to take near-IR photometry for 26 stars, and mid-IR spectrophotometry for 15 stars, only 4 targets were observed in the optical. Furthermore, we publish here some sub-millimetre photometry for 11 carbon stars obtained at a di erent epoch. We modelled the SEDs of 12 carbon stars with optically thin envelopes, which allowed us to clearly see a number of unidenti ed features in the spectra of carbon stars. In particular, four carbon stars exhibit a strong broad emission feature at 8:6 m. This feature is commonly ascribed to HAC, but we show that it can be reproduced also with a mixture of oxygen and carbon-rich grains.
We found that all the observed carbon stars show a far-IR excess ux, larger than that expected from a simple single shell model. We discuss whether such a ux excess can be ascribed to the presence of a detached shell. We conclude that, under this hypothesis, the time scale for the modulation of the mass loss rate of the central star is about 10 3 years.
This paper is organised as follows. In Sect. 2 we present our observations. In Sect. 3 we describe the method followed to model the observed SEDs. In Sect. 4 we focus our attention on the carbon stars that we observed in the near and mid-IR. We present the low-resolution spectra together with the complete SED (we also included photometric data gathered from the literature). We describe the main results obtained with a \standard" modelling technique that describe the shell as produced with a constant mass loss rate and composed of AC and SiC dust grains. In Sect. 5 we discuss the feature at 8:6 m. In Sect. 6 we discuss the problem of the far-IR ux excess.
OBSERVATIONS 2.1 Optical broadband photometry
Broadband photometric measurements in the standard U B V (R I)C lters for 4 carbon stars were taken on 25 and 26 September 1995 during service time at the 0.50 m telescope of the South African Astronomical Observatory (SAAO). The list of optical observations is given in Table 1 . It should be noted that these observations were made almost one month after those in the mid-IR (see Sects. 2.2 and 2.4). A previous attempt to observe a larger sample of carbon stars at the same time of the observations in the near-and mid-IR did not succeed because of bad weather. In order to have a more complete picture of the SEDs, we were forced to consider additional data gathered from the literature. The variation in amplitude of the light curve in B of the observed carbon stars is typically 2{3 magnitudes, and the period for the pulsations is of the order of one year. Considering data collected from the literature represents a major problem with respect to which the e ects of a one month delay of the optical observations are negligible.
Near-Infrared broadband photometry
Broadband photometry in the J H K L 0 lters for 26 carbon stars was taken at the 1.54 m Carlos Sanchez Telescope at Izaña (Tenerife) from 5 to 11 September 1995. A conventional chopping technique was used for the observations. The observed magnitudes in the CST system (Alonso et al. 1994 ) are given in Table 2. 2.3 Sub-millimetre broadband photometry Eleven carbon stars were observed at the 15 m James Clerk Maxwell Telescope (JCMT) sited on the top of Mauna Kea (Hawaii) on 9 and 10 December 1994.
The sub-mm data were obtained from two 8 hr shifts on the 9 & 10 December 1994 using the common-user instrument UKT14 at the Nasmyth focus on the JCMT. The lters used in the present work were those at 450, 800 and 1100 m. We used an aperture of 65 mm, which gives a beam width of 18:5 arcsec in all lters.
Fluxes in mJy for all carbon stars detected during the observing run are given in Table 3. Additional sources  pointed at but not detected are AFGL 527, AFGL 865,  IRAS 04530+4427, IRAS 06582+1507, IRAS 21318+5631,  IRAS 21489+5301 , EL Aur, RY Mon, TU Tau, TU Gem, TX Psc.
Our observations in the sub-mm range are not simultaneous to those made at the other spectral regions. The effects of using long-wavelength data taken at di erent times might not be negligible, even with respect to the errors due to pointing and calibrations. Le Bertre (1992) monitored 23 carbon stars, deriving their light curves in the range 1 ? 20 m. The amplitudes of the light curves are always decreasing with wavelength, and from these data one could extrapolate for the sub-mm range a null variability. Walmsley et al. (1992) measured the ux at 1.3 mm of a sample of carbon stars. Some of the targets that were observed more than once clearly exhibit a variability, e.g., the ux at 1.3 mm of CW Leo, measured at four di erent epochs, varies from 1.5 to 2.5 Jy. We found that for two sources, namely CW Leo and AFGL 3068, our observations were not consistent with those made at di erent epochs by di erent authors. AFGL 3068 was previously observed in the submillimeter bands by Groenewegen et al. (1993) , who measured at = 450, 600, 800 and 1100 m a ux density of 730 166, 667 110, 334 21 and 169 20 mJy, respectively. Our measurements at 800 and 1100 m, of 110 and 71 mJy, respectively, are not in agreement with these values. It is likely that this re ects a real variability of the ux at longer wavelengths. Tables 4 and 5 , and the spectra are plotted in Figs. 2{5, together with the broadband photometric measurements.
MODELLING TECHNIQUE
We modelled the observed SEDs by means of a FORTRAN code for solving the radiative transfer problem due to Haisch (1979) . The algorithm for nding the parameters of the bestmodels is explained in Bagnulo (1996) and Bagnulo et al. (1997) .
We started our analysis by assuming that the dust shells are composed of a mixture of AC grains and SiC grains. Absorption and scattering cross sections of the dust grains were Rouleau & Martin (1991) and P egouri e (1988) for AC and SiC, respectively, and we assumed all the grains having the same radius, which was set to 5 10 ?3 m. (A discussion on the validity of this assumption is given in Bagnulo et al. 1997.) We assumed a grain number density / r ?2 , r being the distance from the star.
We set the inner radius of the shell composed of AC grains to 9 R , and that of the shell composed of SiC to 3 R . For all the models we considered, this corresponds to a temperature of about 800 K at the inner edge of the AC grain shell, and to a temperature of about 1100 K at the inner edge of the SiC grain shell (see Table 7 ). It should be noted that the theoretical models are extremely sensitive to the shape (that is, the dependence upon wavelength) of the extinction coe cient pro le, and to the total optical depth of the circumstellar envelope. Conversely, they are not very sensitive to the values of the inner radius of the dust shell { when model SEDs with the same optical depth are compared. In the cases we considered, the inner radius was a priori xed.
In general, too small values, that is, too near to 1 R , must be ruled out because they would correspond to temperature to high to allow grain condensation (which is commonly expected to be between 800 and 1500 K). Values larger that ' 100 R are also to be ruled out, if the mid-IR spectrum show some features (e.g., the SiC emission at 11:3 m): a too far dust shell would be too cold to emit in the mid-IR. The radiation of the central star is approximated by a blackbody curve with the temperature speci ed in Table 6 , which were derived from the modelling. The other relevant parameters of the models are given in Table 7 .
OBSERVED SEDS AND OTHER FEATURES OF 15 CARBON STARS
In the following we will deal with those carbon stars for which we took both mid-IR spectra and near-IR spectrophotometry. These stars are listed in Table 4 , which provides their names and coordinates (taken from the Hipparcos Catalogue). Table 5 gives the relevant observations. Together with additional ground-based measurements taken from the literature, we also plot the IRAS broadband photometry at 12, 25, 60 and 100 m taken from the Point Source Catalogue (PSC) (Joint IRAS Working Group 1986b) . In the following we describe the criteria we adopted to represent the SEDs, then we discuss the observed features of our sample of carbon stars.
Correction for interstellar extinction
The optical and near-IR data were corrected for interstellar extinction using a visual extinction of Milne & Aller (1980) Egan et al (1996) , we corrected the 100 m ux measured by IRAS by estimating the cirrus ux via the formula CIRR2 = 8=3 log(Fc=Fs) + 19=3 ; (1) where Fc is the expected cirrus ux and Fs is the catalogue source ux at 100 m. For AQ Sgr, UU Aur, RT Cap and R Scl such correction is small, being CIRR2 3. By contrast, for BL Ori, TT Cyg, V Aql and Y Tau, the value of CIRR2=6 indicates that the cirrus ux and the source ux may be at the same level. In these cases, which should be considered with caution, we did not apply any correction.
Absolute calibration of the observations
IRAS broadband photometry was also colour corrected by convolving the model spectra (see Sect. 3) with the lter responses tabulated in the Explanatory Supplement (Joint IRAS Working Group 1986c).
The absolute calibration of the spectro-photometric measurements is made consistent with the particular SED model by multiplying the measured ux by a scaling-factor f, but we reject the models for which the condition 0:8 < f < 1:2 is not satis ed. This approach is consistent with taking for the mid-IR spectrum an absolute calibration uncertainty of 20 %.
In the millimeter regions beam-size e ects may become important since the beam used to observe the source could be smaller than the angular extent of the object. Therefore the measurements in the sub-mm range were compared to the model spectra convolved with a Gaussian of FWHM = 18.5 arcsec. It should be noted that in the optical and IR this correction is not necessary (see also Groenewegen & de Jong 1994) since at shorter wavelengths the emission arises mainly from the inner regions of the dust shell, which are certainly included in the beam used to observe the source. Table 6 summarises some data relevant to the carbon stars listed in Table 4 . Column 1 gives the name of the star. Column 2 gives the spectral type, column 3 the variability class, column 4 the period. Column 5 gives the extrema of the observed light curve in the lter speci ed in column 6 (most of the observations refer to the photographic magnitude, and they are labelled with P). All these data were extracted from the General Catalogue of Variable Stars by Kholopov et al. (1988) . Column 7 gives the classi cation of the mid-IR spectrum as in the IRAS LRS catalogue. The stellar e ective temperature, given in column 8, was obtained by means of the modelling technique described in Sect. 3. Following Groenewegen (1995) , we assumed that all the stars of our sample had an intrinsic luminosity of 7000 L . The distance (given in column 9) was consequently derived from the apparent luminosity. The mass loss rate and the velocity of the out-owing gas, taken from the literature, are given in columns 10 and 11, respectively, and the relevant references are given in column 12. For many carbon stars several measurements were found in the literature, not always consistent among themselves. They are all reported in Table 6 . The values of the gas mass loss rate derived from detection of CO emission lines depends on the distance to the star. In general, the stellar distances we adopted are not the same as those of the original works which provide the measurements of mass loss rate. Therefore, the values of the mass loss rate of column 10 are not the same as those of the papers quoted in column 12, but are obtained by multiplying the original values by suitable scaling factors (see Loup et al. 1993) , and are consistent with the distance given in column 9.
Other data
Usually the distance that we derived was in agreement with that adopted by other authors, therefore only a minor correction was applied to the value of the mass loss rate. However, for 4 stars, the distances adopted in the catalogue of Loup et al. (1993) are much larger than those we derived. Namely, for AQ Sgr, R Scl, UU Aur, and Z Psc, Loup et al. (1993) adopted the values of 1400, 840, 1200, and 1900 pc, respectively, whereas we derived the values of 570, 380, 290, and 535 pc, respectively.
Infrared colour indices
Colour-colour diagrams for the observed carbon stars are plotted in Fig This curve matches the observational data only in the cases of the most obscured stars. To reproduce the SED of carbon stars with optical thin envelopes at shorter wavelengths, it is required to consider proper model atmospheres.
Observed SEDs
Figures 2{5 show the observed SEDs of the carbon stars listed in Tables 4. The lled circles represent our broadband photometry, and the empty squares our UKIRT CGS3 spectra. The empty circles show the broadband photometry published elsewhere in the literature. In particular, the empty circles at 12, 25, 60 and 100 m represent the broadband photometry published in the IRAS PSC, colour corrected as explained in Sect. 4.2 (the crosses represent the original photometry non colour-corrected). The long dashed line is the blackbody curve which approximates the radiation eld of the parent star. The solid line represents the best-t to the observed SEDs obtained by means of the modelling technique explained in Sect. 3. We did not model the featureless SEDs of BL Ori, Z Psc and TT Cyg. The dotted lines in the relevant panels of Fig. 2 represent a spline to the broadband photometric data. We grouped the stars in four categories, basically dened by the characteristics seen in the low-resolution mid-IR spectra. Group i BL Ori, TT Cyg, and Z Psc have a featureless mid-IR spectrum. S Sct has an almost featureless spectrum, however, weak and broad emission features at 8:6 m and between 11 and 12 m can possibly be seen. The SEDs of all stars of this group are shown in Fig. 2 . Group ii AQ Sgr, UU Aur, RT Cap and R Scl (Fig. 3) show a broad emission feature at 8:6 m and the classical SiC feature at 11:3 m. It is possible perhaps to see an absorption feature at around 7:8 m, although at this stage it cannot be rmly established. More likely, the bump at 7:8 m looks like an absorption feature because of the large emission at 8:6 m. Group iii VX And and EL Aur (top panels of In the following we comment upon the single stars. indicate that the cirrus ux may be of the same order of magnitude as the source ux. TT Cyg has been studied by Olofsson et al. (1996) (see also Olofsson et al. 1990 Olofsson et al. , 1993 . CO radio line maps provide evidence of the existence of a detached shell. Olofsson et al. (1996) suggest that the outer radius of the envelope is about 16 000 R and its width is 2 000 R . The mass loss rate is about 1:4 10 ?5 M yr ?1 . In a previous work, Olofsson et al. (1990) proposed as an alternative model a circumstellar envelope extending from about 7 000 up to 18 000 R , with a mass loss rate of 1:3 10 ?6 M yr ?1 .
An inner shell can only marginally be seen in the CO brightness maps Olofsson et al. (1996) . No line emission from molecules other than CO have been detected by Olofsson et al. (1996) nor by Bujarrabal & Cernicharo (1994) . There is no evidence for the presence of dust circumstellar envelopes caused by large mass loss episodes around BL Ori nor Z Psc, neither presently nor in the past. By contrast, TT Cyg has a detached shell, and its featureless mid-IR spectrum re ects the lack of newly formed SiC grains inside. Because of the detached shell { whose presence is probed by CO lines { a fraction of the large far-IR excess is to be ascribed to continuum emission of dust grains. The high value of CIRR2 prevents us from deriving quantitative results from the spectral analysis, since we do not exactly know which fraction of the ux is intrinsic to the star and which fraction is due to interstellar contamination. S Scuti U B V photometry from the Simbad Database. The circumstellar envelope of S Sct has been studied by Olofsson et al. (1990) , Groenewegen & de Jong (1994) and Olofsson et al. (1996) . Detailed CO radio line maps provide direct evidence for the existence of a detached shell. Olofsson et al. (1990) proposed two alternative models: 1) an extended envelope situated from 10 000 to 30 000 R , with a mass loss rate of 2 10 ?6 M yr ?1 ; 2) a geometrically thin envelope from about 15 000 to 17 500 R , with a mass loss rate of 1:6 10 ?5 M yr ?1 . In a later work, Olofsson et al. (1996) were in favour of this latter model (see also Olofsson et al. 1992) , suggesting the following picture of S Sct: a star which has undergone a brief period of high mass loss rate which lasted for about 10 3 years, about 10 4 years ago. The current mass loss rate and expansion velocity are very low: about UU Aurigae To our measurements we added those of Bergeat et al. (1976) . The SED of UU Aur, that exhibits a large far-IR ux excess, was studied in Bagnulo et al. (1997) , where it was suggested that the large ux observed at 60, 100 and 800 m could be ascribed to a relatively small detached shell produced during a recent episode of larger (than the current) mass loss rate.
RT Capricorni B V photometry from Nicolet (1978) Young et al. (1993a) describe the dust shell of R Scl as a detached one, with an inner radius of 1.1 arcmin and an outer radius of 6.5 arcmin (although they state that the total angular extension could be underestimated by 50 %). For a distance of 400 pc, which is that adopted in Young et al. (1993b) , these gures correspond to an inner radius of 0.13 pc, and to an outer radius of 0.76 pc. Olofsson et al. (1990) observed the envelope of R Scl in the CO (J = 1 ? 0 and J = 2 ? 1) lines. Although line pro les appear round-topped, so that a central hole is not clearly detected, they tentatively derived an inner radius 0:006 pc from the 2 ? 1 transition, and 0:02 pc from the 1 ? 0 transition, and an outer radius of 0.04 pc (still assuming a distance of 400 pc). The line intensity distribution appears to be circularly symmetric.
It should be noted that the mid-IR spectrum of R Scl is not consistent with the IRAS photometry at 25 m. We checked the absolute calibration of our CGS3 spectrum against that of the spectrum taken from the IRAS LRS (not published in the IRAS LRS catalogue, though), and with that of a spectrum previously taken at the UKIRT during service time, nding that they were all consistent among themselves, and also with the IRAS broadband measurement at 12 m. The lack of consistency with the IRAS photometry at 25 m might be due to a strong emission at wavelengths longer than ' 24 m. A possible component responsible for such emission might be magnesium sulphide, which has a feature around 30 m (Goebel & Moseley 1985) .
The emission feature at 8:6 m clearly seen in the spectra of stars of group ii is not explained by assuming a dust shell composed of AC and SiC. TU Tauri Another star well inside the galactic plane and with a strong cirrus contamination (CIRR1=4, CIRR2 = 6). This star is in a binary system, and its companion is an A III star. We adopted the U B V photometry from Olson & Richer (1975) , RV Cygni B V photometry from Simbad Database, I from Neugebauer & Leighton (1969) .
Mid-infrared spectra of the stars in group iv are usually well reproduced, apart from that of TU Tau. Moreover, the model SED does not explain the low ux at < 8 m in the mid-IR spectrum of Y Tau. Mid-IR spectra of RV Cyg and W Ori are the best reproduced. We tried to further improve the t to the mid-IR spectra of these stars by considering grains of radius 0:01 m, 0:1 m and 1:0 m. The best-ts were those obtained by adopting the smaller sizes, in agreement with that obtained in a previous study of CW Leo Bagnulo et al. (1995) .
The dust-to-gas ratio
The dust mass loss rates are obtained by setting the velocity of the out-owing dust equal to that of the out-owing gas, which is usually determined via CO line emission measurements. Actually, in dust driven winds, dust grains move with a drift velocity relative to the gas, which is small compared to the velocity of the gas only in the case of optically thick shells with a mass loss rate of 10 ?5 M yr ?1 or higher, as, for example, in the case of CW Leo (Kr ugel et al. 1994) , Sopka et al. 1985) . For circumstellar envelopes with low mass loss rates, setting the velocity of the out-owing dust equal to that of the out-owing gas might lead to an underestimate of the dust mass loss rate.
Detailed calculations of two-uid models for stationary Figure 6 . Dust-to-gas ratios vs. gas mass loss rate for the 12 visual carbon stars. The empty circles have to be regarded as lower limits, the lled circles as upper limits. Note that the lower limit for the dust-to-gas ratio for R Scl, obtained for the value of the gas mass loss rate of 7:6 10 ?6 M yr ?1 { given by Loup et al. (1993) { is outside the limits of this plot dust-driven winds carried out by Kr ugel et al. (1994) show that the actual drift velocity might be, for instance, for a star of 10 4 L and gas mass loss rate of 4:4 10 ?6 M yr ?1 , less than 1 km s ?1 for grains of radius a = 0:012 m, and less than 10 km s ?1 for grains of radius 0:25 m. We did not take into account the drift velocity of the dust grains; we assumed that for grains as small as those considered (radius of 5 10 ?3 m) such drift velocity was negligible. For larger grains, the drift velocity would be nonnegligible, leading to a underestimate of the dust mass loss rate. On the other hand, for AC grains with radius a up to ' 0:1 m, the absorption e ciency factors increase as grain size increases, therefore the larger the grains, the smaller the dust mass loss rate that would be derived from modelling the SED. It should be noted that neglecting the drift of the dust grains might not be the major cause of uncertainty in deriving the dust mass loss rate and the dust-to-gas ratio. The error on the dust mass loss rate is mainly due to the uncertainty on the absolute value of the extinction coe cients, and on stellar distance (the dust mass loss rate scales like 1=d ). Furthermore, since we xed the value of the inner radii of the dust shells to 9 R for the AC component and to 3 R for the SiC component, we could have introduced a systematic error on the estimate of the dust mass loss rates. (Such an indetermination can be roughly estimated by considering that the shape of the model SED is mainly dependent on the optical depth, and that the optical depth for an extended envelope is proportional to inverse of its inner radius.)
From Table 6 one can clearly see that the measurements of the stellar gas mass loss rate, when repeated by di erent authors, are quite scattered. In particular, the values for the gas mass loss rate given in the catalogue of Loup et al. (1993) are systematically higher of a factor of 2 to 9 than those of Olofsson et al. (1993a) . Therefore, the values derived for the dust-to-gas ratios are a ected by a large indetermination, even by assuming that the values derived for the dust mass loss rate are correct. Columns 4 and 7 of Table 7 give the lower and upper limits as derived assuming the gas mass loss rates given in Table 6 . Figure 6 shows the dust-to-gas ratios versus the gas mass loss rates. The lled circles represent the values for the upper limits for the dust-to-gas ratios, that is, the values that were derived by adopting for each star the lowest values of the gas mass loss rate. The empty circles represent the lower limits for the dust-to-gas ratios, that were derived adopting the highest values for the gas mass loss rate in Table 6 . The values corresponding to stars with only one measurement of gas mass loss rate are represented by empty circles too. Olofsson et al. (1993a) analysed a sample of 62 bright carbon stars. They measured the gas mass loss rate via detection of CO emission lines, and calculated the dust mass loss on the basis of an approximated formula given by Sopka et al. (1985) , which relates the dust mass loss rate to the observed ux. For each star, they calculated a lower and an upper limit for the dust-to-gas ratio. For the lower limits of the dust-to gas ratios, they obtained values ranging from 0.1 to 1.0 %, with an average of 0.3 %. For the upper limits, they obtained values ranging from 0.14 % to 2.9 %, with an average of 0.5 %. Olofsson et al. (1993a) show that there is an apparent correlation between dust-to-gas ratio and gas mass loss rate, that is, the higher the gas mass loss rate, the lower the dust-to-gas ratio, but they ascribe such a correlation to a systematic underestimate of the gas mass loss rate for the stars with low mass loss rate.
The plot of Fig. 6 shows no correlation between dust-togas ratio and gas mass loss rate, but our sample of stars is not statistically meaningful. However, our estimates for the dust-to-gas ratios are de nitely lower than those obtained by Olofsson et al. (1993a) . Goebel et al. (1995) suggest that around carbon stars, three distinct dust species are identi able: SiC, MgS and HAC. In particular, they compare mid-IR spectra of carbon stars with the extinction curve of HAC (derived in the laboratory by Dischler et al. (1983) in the wavelength range 7?14 m), and they ascribe some features observed in the spectra of carbon stars at 7.7 and 8:5 m to the presence of HAC. However, the extinction curve measured by Dischler et al. (1983) shows a peak at ' 8:0 m. It is unlikely that such an extinction curve fully accounts for the emission at 8:6 m, which is red-shifted by more than 0:5 m with respect to the extinction peak. Previously, also Baron et al. (1987) and Papoular (1988) suggested HAC as responsible for the unidenti ed features at 8:6 m in the spectra of carbon stars. Papoular (1988) invoked the oxidized quenched carbonaceous composite as a candidate component of the dust shells of carbon stars. The extinction coe cients of this material, obtained in the laboratory by Sakata et al. (1987) (from 6 m to 14 m), show a feature around 8:6 m, which actually seems too weak to be responsible for the characteristics as observed in the spectra of the group ii stars.
NON SiC FEATURES IN THE SPECTRA OF THE VISUAL CARBONS STARS
The unidenti ed features seen in the mid-IR of many carbon stars could really be due to the presence of grains of HAC, but up to now they have not been reproduced by modelling techniques, also because of the lack of a self-consistent set of optical constants covering a wavelength interval from optical to mid-IR. Further laboratory studies of the optical properties of dust grains are required in order to con rm or exclude that carbonaceous materials are responsible for the feature at 8:6 .
To our surprise, we found that the mid-IR spectra of our 4 carbon stars of group ii are quite well reproduced by assuming a dust shell composed of SiC and silicate with pyroxene stoichiometry, namely, Mg0:4Fe0:6SiO3 (Dorschner et al. 1995) . Figure 7 shows the ts to the spectra of AQ Sgr, UU Aur, RT Cap and R Scl, obtained with the parameters given in Table 8 (these ts were obtained under the constraints that the broadband photometry at shorter wavelengths was also reproduced.) Figure 8 shows the model SEDs (solid line) and the mid-IR UKIRT spectra plotted after the subtraction of the blackbody curve (dashed line of Fig. 7) . The dotted line represents the emissivity of SiC, and the dashed line that of pyroxene alone.
The existence of O-rich grains in the circumstellar envelopes of carbon stars is a well known and surprising phenomenon, originally discovered by Little-Marenin (1986) and Willems & de Jong (1986) . However, we must note that the stars of our group ii have a di erent nature. First, they do clearly exhibit the presence of SiC. Second, they do not display the typical features of the oxygen-rich stars due to the olivine grains, but they would exhibit the presence of pyroxene glasses. We should also note that stars with a feature at 8:6 m are extremely frequent: in our sample, four out of 15 bright carbon stars show a strong feature at 8:6 m. Possibly a weak feature at 8:6 m is present in all 12 non featureless spectra.
In a C-rich environment, most oxygen is locked in very abundant CO molecules, so that oxygen molecules are relatively rare. Conversely, in O-rich envelopes, carbon molecules are underabundant. Hence, the detection of relatively strong molecular emission lines or maser from SiO, OH and H2O, is considered as observational evidence of the presence of an O-rich environment, while molecular lines of, e.g., HCN and HNC are expected to be emitted from C-rich envelopes.
We searched the literature for information about the chemical composition of the stellar photosphere, and observations of molecular emission lines from the circumstellar envelope.
The best studied star from this point of view is R Scl, which is also the star of our sample with the strongest feature at 8:6 m. No SiO maser emission was detected by Lepine et al. (1978) , nor by Haikala et al. (1994) , and a search for H2O maser emission by Deguchi et al. (1989) was unsuccessful. Bujarrabal & Cernicharo (1994) found a very high intensity for the CN J = 1 ? 0 line, which is usually seen in C-rich objects only, and they concluded that their data were compatible with a detached C-rich envelope. Olofsson et al. (1993b) measured the 12 CO/ 13 CO intensity ratio, nding for R Scl the value of 10. They remark that the chemical composition of the circumstellar envelope re ects that of the stellar atmosphere if this ratio is about half of the 12 C/ 13 C ratio observed in the photosphere. Since Lambert et al. (1986) measured 12 CO/ 13 CO = 19, they suggest that the dust shell of R Scl is C-rich.
As far as the other stars of group ii are concerned, no Table 8 . Parameters of the models shown in Fig. 7 . Upper and lower limits for the dust to gas ratio are derived as in Table 7 Mg 0:4 Fe 0:6 SiO 3 SiC sign of unusual molecular abundances was found. In general, no correlation between photospheric and circumstellar molecular abundances with the mid-IR spectral features was found (see Table 9 ; for comparison, chemical abundances of carbon stars in other groups are also given).
Based on equilibrium models, mixtures of oxygen rich and carbon rich grains are believed impossible. Dust grains should be either purely silicate or carbonaceous, since the less abundant element is fully incorporated into CO (Gilman 1969; Salpeter 1974) . Lambert et al. (1986) , except that for the C/O photospheric ratio of RV Cyg and TT Cyg, derived by Eglitis & Eglite (1995) . Circumstellar abundances are from Olofsson et al. (1993b) On the other hand, Ivezi c & Elitzur (1995) invoked a mixture of 20 % of silicate and 80 % of AC grains in order to reproduce the IRAS colour-colour diagrams. They note that if departure from equilibrium in the process of dust formation for stars with C/O > 1 produced only 10 % of silicate grains, these grains would dominate the IR spectral shape, which would be identical to that of oxygen stars with pure silicate dust. Vardya (1986) suggested that silicate shells around carbon stars may be a consequence of oxygen release due to carbon condensation. As shown in Table 8, the ratio pyroxene/SiC is unrealistically high, being larger than unity in all cases. However, if absolute values of the extinction coe cients of pyroxene were underestimated (or those of SiC overestimated), the models of 
CARBON STARS WITH FAR INFRARED FLUX EXCESS
All carbon stars we observed show a large ux at 60 m. This feature is common to most of optically visible carbon stars (Thronson et al. 1987 , Willems & de Jong 1988 , Egan et al. 1996 . For some of these stars the contamination from the interstellar medium is certainly not negligible: for TU Tau, V Aql and Y Tau, the contribution from infrared cirrus to the measured ux at 100 m can be of the same order as the source.
It has been suggested that the excess ux is emitted by a detached remnant shell ejected in a previous episode of high mass loss. In particular, Willems & de Jong (1988) hypothesized that most detached envelopes around carbon stars are composed of silicate grains, and that they represent the remnant shells produced during an earlier evolution phase on the AGB, when the stellar atmosphere was still O-rich. According to Zuckerman (1993) and other researchers, e.g., Vassiliadis & Wood (1993 ), van der Veen & Habing (1988 , Olofsson et al. (1990) , the presence of detached shells is to be ascribed to a short time-scale modulation of the mass loss rate during the C-rich phase of the evolution on the AGB.
This approach to the problem of the far-IR excess has been criticised by Ivezi c & Elitzur (1995) , who interpret the ux excess measured by IRAS at 60 and 100 m in most of carbon stars in terms of contamination from interstellar medium (IR cirrus). As far as the ux excess in the submm is concerned, a substantial part of the ux might to be ascribed to molecular emission (see, e.g., Avery et al. 1992) . Therefore, the hypothesis of ascribing the excess ux at longer wavelengths to the emission from a detached shell should be questioned.
On the other hand, it should be noted that many optically visible carbon stars exhibit not only a large far-IR excess ux, but also a relatively large gas mass loss rate, in several cases more than 10 ?6 M yr ?1 . If this value were representing the current mass loss rate, assuming a dustto-gas ratio of 0.5 %, the circumstellar envelope should be optically thick, and the star should appear quite obscured, in contrast to what happens, e.g., with R Scl, S Sct, TT Cyg. Indeed, all the models presented in Sects. 4 and 5 exhibit low values for the dust-to-gas ratio, which suggests one of the following interpretations: a) the gas mass loss rate from CO observations is systematically over-estimated, at least for the optically brightest carbon stars; b) the assumption of a dust-to-gas ratio of about 0.5 % is incorrect; c) our modelling technique leads to an under-estimation of the dust mass loss rate, possibly because of an overestimation of the extinction cross-sections of the dust-grains; d) the CO measurements trace the outer parts of an envelope produced during a previous (and higher than the current) episode of mass loss.
In the following we proceed assuming that this latter interpretation is correct, and we try to reproduce the large ux observed at longer wavelengths, by attributing it to the presence of a cool detached dust shell emitting at these wavelengths, produced by past episodes of mass loss. (The same approach was followed in Bagnulo et al. 1997.) We considered an inner shell with the same features as those of the models shown in Fig. 2{5 , that is, composed of AC and SiC grains. To mimic the presence of a detached shell we added a third component, and we searched for the best-t varying the values of its inner radius from 100 to 4000 R . The outer radius of the inner shell was set equal to the inner radius of the outer shell. The outer radius of the outer dust shell was a priori set to 10 000 R , and no attempt was made in order to decide whether it was possible to improve the t by changing its value. The only exception was the star V Aql, for which we adopted an outer radius of 2000 R . Models with larger values of the outer radius would have predicted a ux higher than that measured at 800 m.
Dust grains of AC and silicate were considered as possible components of the detached dust shell. For the silicate grains, we adopted the optical constants given by Dorschner et al. (1995) for the olivine MgFeSiO4. At longer wave- Derived by assuming that CO line observations probe the inner shell, that is, they measure the present-day gas mass loss rate. Derived by assuming that CO line observations probe the detached shell, that is, they measure a previous episode of mass loss.
lengths, optical constants of dust grains are not known, and they were derived by means of an extrapolation on the last data points obtained in the laboratory. We derived that the extinction coe cients of silicate at longer wavelengths follow a ?2 law, and those of amorphous carbon follow a ?1:3 law. Figure 10 shows the best-ts obtained by assuming that the detached shell is composed of AC grains (solid lines) and those obtained by assuming the detached shell is composed of silicate grains (dotted lines). The parameters of all these models are given in Table 10 , which is organised as follows. Columns 2-5 give the dust mass loss rate and the dust-togas ratio for AC and SiC in the inner shell (these parameters were already given in Table 7 ). The dust-to-gas ratio is derived by assuming that the gas mass loss rates are referred to the inner shell. Columns 6-8 give the parameters of the outer shell for the models for which we assume that it is composed of carbon-rich grains. Columns 9-11 give the parameters of the outer shell for the models for which we assume that it is composed of oxygen-rich grains. The dust-to-gas ratios are derived by assuming that the measurements of CO emission lines probe the outer part of the envelope.
It is not easy to decide which models give rise to the best-ts, although in general, the ts obtained by adopting a detached shell composed of AC grains seem better than those obtained by adopting a shell composed of silicate grains. However, the number of data points is smaller than the number of free parameters, leaving the conclusions about the nature of the detached shell highly questionable. It should always be borne in mind that the larger the number of free parameters the easier to reproduce the observations! Still, with our simple approximation of double shell, we were not able to reproduce the mid-IR spectrum and the ux excess at longer wavelengths of R Scl. We could t the entire SED of RT Cap by adopting an inner radius for the detached shell of 1 000 R , but with an unrealistically high value for the dust-to-gas ratio (> 15 %). Actually, all our models are not fully consistent with the values expected for the cosmic abundance of the elements which form the dust grains. The dust-to-gas ratio derived by hypothesizing a detached shell composed of AC grains is a few times larger than that expected from the cosmic abundance of C. By adopting a detached oxygen-rich shell, the derived dust-to-gas ratio is 1?2 order of magnitudes higher than what one expects from the cosmic abundance of Mg, Fe, Si, O. Note that the values of the dust-to-gas ratio given in Table 10 are derived from the highest estimations of the gas mass loss rate. On the other hand, it is actually possible that the adopted extinction coe cients for AC grains are underestimated (see discussion in Bagnulo et al. 1997, Sect. 3.1) . If so, the actual values for the dust mass loss rate could be reduced, which would make the models including a detached carbon-rich shell more consistent with the cosmic abundance of C. Instead, the models with a detached oxygen-rich shell are probably to be ruled out. It should also be noted that the relatively small values derived for the distance of the detached shell (a few hundred stellar radii, that is, < 0:01 pc) are not consistent with the scenario hypothesized by Willems & de Jong (1988) . Similar results were obtained for UU Aur by Bagnulo et al. (1997) .
The observations do not allow us to obtain certain conclusions about the outer radius of the detached shells, nor about the existence of multiple shells. In the best studied case of UU Aur Bagnulo et al. (1997) , the derived value for the outer radius of 10 000 R might greatly be reduced if we were to ascribe a percentage of the ux observed in the submm to emission lines. For the other stars that we analysed in this Paper, the strong interstellar contamination, plus the lack of data in the longer wavelength spectral region, prevents us form deriving accurate results.
By hypothesizing a periodic modulation of the mass loss rate, it might be surprising that all the stars we have observed are near the minimum of the mass loss rate: all our models predict a relatively recent drop of the mass loss (a few hundred years). This would naturally be explained by the fact that we observed and analysed stars with non featureless mid-IR spectra and large infrared ux excess. Olofsson et al. (1996) derived via CO map a model for TT Cyg, which has a featureless spectrum. This model implies a drop of mass loss happened 10 000?20 000 years ago. Other stars with featureless mid-IR spectra and far-IR excess could also be described in terms of detached shells with a large inner radius and with no material inside.
Although interstellar contamination and poor knowledge of the extinction coe cients of the dust grains at longer wavelengths make it di cult to reach a certain conclusion, the results of our analysis are consistent with a short time scale modulation of the mass loss rate of carbon stars, probably of the order of a few thousand years.
CONCLUSIONS
We observed at various wavelengths 15 optically visible carbon stars, carrying out a detailed analysis of the observed spectral energy distributions for 12 of them, which show a non-featureless mid-IR spectrum.
We found a large wealth of features in the mid-IR spectra. We payed a particular attention to a strong emission observed at 8:6 m in the spectra of four carbon stars. This feature is usually ascribed to hydrogenated amorphous carbon, but has never been fully accounted for. We have shown that it can also be reproduced by a dust shell composed of a mixture of SiC grains and silicate grains with pyroxene stoichiometry, although this interpretation is not consistent with the theories of dust formation.
At longer wavelengths, all the observed spectral energy distributions exhibit a ux larger than what can be explained by assuming a constant mass loss rate from the central star. We tried to reproduce the spectral energy distributions by modelling the circumstellar environments as formed of a double shell. We found that an inner shell due to a low mass loss rate is required to account for the non featureless mid-IR spectra. A past episode of higher mass loss rate (2 ?3 orders of magnitude) accounts for the far-IR excess. The distance of the detached shell produced in this past episode of larger mass loss rate is a few hundred stellar radii (that is, < 0:01 pc). Our models are consistent with a short-time (10 3 years) modulation of the mass loss rate.
